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Introduction
Over the last twenty years a significant shift in the employment structure from low to high skills has taken place in advanced economies. Several factors are hypothesized to have driven this development. To mention are, on the demand side, a skill-bias of technical change (in particular the diffusion of ICT) and a similar skill-bias of the redesign of workplace organization. Moreover, increasing specialization onto the production of knowledge intensive goods in the process of globalization also shifted labor demand towards higher skills. On the supply side, the long term trend towards higher education as well as increasing preferences of employees for workplaces involving more autonomy contributed to the observed increase in the employment of highly qualified personnel.
According to the literature, the demand side elements, in particular the diffusion of ICT and adaptations of workplace organization are the key factors driving the observed increase of the share of high skilled workers in total employment. Moreover, the interplay of these forces seems to accentuate the shift towards higher skills, although only a few studies find clear evidence for such 1 For an international comparison of several systems of vocational skill formation in European countries, see e.g. Steedman (2001 Steedman ( , 2005 , or Ryan (2001) who emphasizes the labor market experience of graduates from different types of vocational training.
complementarities (e.g., Arvanitis, 2005; Bertschek and Kaiser, 2004; Bresnahan et al., 2002; Piva et al., 2005) . According to Caroli (2001) , who discusses in detail the role of the variables involved, ICT may be considered as the enabling factor triggering off a redesign of workplace organization. Many authors conceptualized these interrelated changes as a shift towards a 'new firm paradigm', which they characterized using different labels: from a 'mechanistic' to an 'organic' firm structure (Burns and Stalker, 1994) , from the 'mass production model' to the 'flexible multiproduct firm' (Milgrom and Roberts, 1990) , or from a 'tailoristic' to a 'holistic' organization of work (Lindbeck and Snower, 2000) .
Since ICT is likely to provoke new challenges of adapting a firm's organization and human resource practices, there might be a sustained need to increase the stock of human capital of firms and the economy as a whole. Obviously, there are many different ways of achieving this objective. In this paper we concentrate on apprenticeship training, which in Switzerland, similar to the other German-speaking countries, is a widespread practice of skill formation at the upper-secondary level.
In Switzerland, about 70% of a cohort strives for a vocational qualification. 75% of them pass through the apprenticeship system, 25% attend full-time vocational schools. The so-called 'dual system' of apprenticeship-based vocational training combines education at a vocational school of one or two days a week, where general and occupation-specific skills are acquired, with work of three to four days a week in the training company, where learning is concentrated on occupation-specific and firm-specific skills. 1 Since the 1990s, a certain shift in the content of apprenticeship training towards a higher proportion of general skill provision has taken place, in an attempt to better meet the demand of companies in a knowledge-based economy. To this end, the institutional arrangement of apprenticeship was adapted, with the introduction of a second, more demanding stream of training as the change with the most far-reaching consequences. It is based on an extension of the offthe-job apprenticeship training component and leads to a degree ('Berufsmatura') that guarantees free access to non-academic, vocational-oriented, tertiary-level education ('Fachhochschule', i.e. 'university of applied sciences'). The creation of a 'Berufsmatura' degree, which has been attained by one out of six apprentices in Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 2005, makes this type of secondary education more attractive for school leavers as well as for companies (for similar developments in Germany, see Finegold and Wagner, 2002) .
The present paper aims at identifying econometrically the determinants of apprenticeship training based on firm-level data. In doing so, we focus on the three constituent elements of the new firm paradigm, i.e. intensive use of ICT, redesign of workplace organization and augmenting the input of human capital. We try to explain why a firm does or does not provide apprenticeship training ('training propensity'), and, if doing so, to what extent a firm is engaged in this type of training ('training intensity'). The investigation is expected to give some indication of the appropriateness of the apprenticeship system as a way of skill formation in a highly advanced knowledge-based economy where the new firm paradigm plays a significant role.
The data used in this study stem from two surveys conducted in 2000 and 2005, respectively, and cover the whole business sector of the Swiss economy. By merging the two cross-sectional data sets we got an unbalanced panel with about 3500 firms, of which about 3000 could be used in model estimation. The data set is rich in terms of variables that potentially explain the firms' provision of apprenticeship training. Furthermore, the data set allows us to deal with potential econometrical problems such as endogeneity and firm heterogeneity.
The empirical literature dealing, by use of econometric methods, with a firm's demand for apprentices did not pay much attention to the influence of ICT and workplace organization. To our knowledge, only Arvanitis (2010) , Arvanitis and Stucki (2011) and Beckman (2002 Beckman ( , 2008 included ICT as an explanatory variable and, so far, the impact of workplace organization has not been econometrically investigated at all. In contrast, human capital is a standard variable used in such studies (see, among many others, Beckmann, 2008; Franz et al., 2000; Niederalt, 2004) . Moreover, we are not aware of any study dealing with apprenticeship training which takes account of complementarities among the three core variables.
Against this background, the paper provides new insights into the determinants of the firms' provision of apprenticeship training by focusing on the relevance of the three constituent elements of the new firm paradigm and their interaction. Given the rich database, we are able to analyze the topic in a more differentiated way than it has been done in previous studies.
The remainder of the paper is organized as follows: In Section 2, we present the conceptual background of the study as well as the hypotheses to be tested and the specification of the variables we used in model estimation. In the next two sections, we shortly describe the database and expose the econometric procedure we applied in explaining a firm's training propensity and training intensity. The Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 2 See, among others, for Switzerland: Wolter and Schweri (2002) , Schweri et al. (2003) ;
for Germany Beicht et al. (2004) , and for a comparison of the two countries Muehlemann et al. (2010). findings from model estimation are presented in Section 5. Finally, we discuss the main results and draw some conclusions.
Conceptual Background and Model Specification

Basic Approach
The seminal paper of Becker (1964) serves as starting point of our investigation. In his model, firms as well as apprentices conceive firm-based training as an investment in human capital enabling both parties to profit from higher productivity in the future. The firm, however, provides training only if the expected productivity gains are higher than the costs it has to bear. Whether this is the case depends on the type of skills generated by training (general vs. firm-specific knowledge), the costs of training (net of the trainees' productive contribution and subsidies) and the functioning of the market for skilled labor. If labor markets work perfectly well (what is assumed in Becker's model), a firm provides general (transferable) skill training only at zero net costs. It is not prepared to bear higher costs, since the trainees can leave the firm at the end of the apprenticeship at any time in search of higher wage offers. In older empirical work the authors were puzzled by the finding that net costs of apprenticeship training were positive in many occupations. Therefore the investment theory of training has been further developed, with Pischke (1998, 1999) probably the most influential contributions (see also Dustman and Schönberg, 2009; Elbaum and Sing, 1995; Finegold and Wagner, 2002; Franz and Soskice, 1995; Harhoff and Kane, 1997; Kessler and Lülfesmann, 2006; Ryan and Wolter, 2011) . This literature explains the empirical finding of widespread net costs of firm-based training mostly with labor market imperfections: asymmetric information between the training firm and other companies about the trainees' productivity; unions and work councils enforcing firms to accept net training costs during apprenticeship; mobility costs (job search, costs of introduction at a new job etc.; the fact that general and firmspecific skills often are complements provided as a package.
In accordance with these studies, the "classical" line of empirical research dealing with this topic is characterized by (direct) accounting of the firms' costs and benefits of apprenticeship training, hence net training costs. 2 We choose a Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) different approach. Our main focus is not on the cost of apprenticeship training but on the impact of the core elements of the new firm paradigm on apprenticeship training. Nevertheless, we include several variables to account at least partly for training costs. In this perspective we use as explanatory variables -in addition to the variables we are specifically interested in (human capital, ICT, workplace organization) -a detailed set of dummy variables controlling for firm size, industry affiliation and regional location (in total 39 dummies) and take account of a firm's average labor costs. In this way the different environment and characteristics of firms with respect to wage setting for apprentices and other labor categories (e.g. differences between regional labor markets and education systems; industries of different technology intensity, etc.) is accounted for. As mentioned in Section 1, there is not much literature dealing with the impact of the variables representing the new firm paradigm on apprenticeship training (see the references in the introductory section). To our knowledge, the effect of workplace organization on the provision of apprenticeship training so far has not been analyzed. There are a few studies investigating the impact of ICT on offering apprenticeships. In contrast, human capital is widely used as variable explaining training provision. In these circumstances, it is difficult to formulate well founded hypotheses on the effect of the new firm paradigm on the provision of apprenticeship training.
In absence of clear hypotheses with respect to the influence of ICT and workplace organization, our approach makes use of the fact that apprenticeship training is a special form of human capital formation. Therefore, we use as theoretical background of the paper the literature analyzing theoretically and empirically the influence exerted by a change of ICT intensity and workplace organization on human capital, or more precisely, on the relative demand for skilled labor. In this view, the willingness of a firm to invest in apprenticeship training, in the first place, depends on all factors that determine its future demand for skilled labor. Despite the fact that firms have the possibility to hire trained apprentices from other firms, this implies that firms confronted by a large future demand for skilled employees will not only hire this category of workers on the market but, on average, are also willing to train apprentices themselves.
To sum up, we use the following categories of variables that may influence future demand for labor skills and therefore the likelihood a firm offers apprenticeship places: a) human capital intensity; b) intensity of ICT use; c) (new) workplace organization; d) control variables such as average wages and some general firm characteristics (size, foreign/domestic ownership); e) dummy variables capturing effects not explicitly specified in the model (region, industry affiliation, time). In the following we discuss the impact of the explanatory variables and Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 3 In the literature dealing with the effect of ICT on labor demand very different indicators are used to capture a firm's human capital input (see the overview of Arvanitis and Loukis, 2009) . In this study we focus on the share of employees holding a degree from tertiary education, as this is the most common and empirically well-supported measure of human capital intensity.
show how they are specified in the empirical model (see Table 1 for the exact definition of the variables).
Human Capital
One of the constituent elements of the new firm paradigm is a shift from lower to higher skills. Since the share of employees holding high-level and medium-level degrees is correlated, a firm's human capital endowment should reflect the future demand for skilled labor in general. We thus posit the following hypothesis:
H1: A firm's human capital endowment is positively correlated with the provision of apprenticeship training.
We use the share of employees holding a degree from tertiary education as proxy for a firm's human capital input (variable 'tertiary_share'). 3 In some instances, this share is transformed to five dummy variables 'tertiary_d' representing different value ranges of 'tertiary_share'. Qualifications at the tertiary level are based, on the one hand, on academic education (primarily implying the production of general knowledge on top of general upper-secondary education), on the other hand, on more vocational-oriented education provided by universities of applied sciences and higher professional schools (to a large part as a follow-up to apprenticeship training). This second component, measured by its share in total tertiary education, weighs much more in Switzerland than in most other advanced economies. To capture potential differences between the two groups of tertiary level employees, their impact is also tested separately. 
ICT Usage
A more intensive use of ICT shifts the relative demand for qualified labor upwards. The literature mentions several properties of ICT driving the substitution of lower skills: a) ICT allows automating routine and well-defined tasks; it is much more difficult to do the same in case of complex tasks involving judgment and creativity (Autor et al., 2003; Bresnahan, 1999; Bresnahan et al., 2002) ; b) highly computerized systems produce large quantities of data that need high-skilled workers to get adequately utilized (Arvanitis, 2005) ; c) the adoption of ICT itself and its integration in the firm's productive system requires skilled workers, the more so as the use of ICT involves many uncertainties (Caroli, 2001) . Whereas the positive effect of ICT on the demand for skilled labor as a whole is quite clear, it is less obvious which category of higher skills will 'profit' from this technical change. According to the results of the related empirical work published in the last fifteen years (see the synoptical review of Arvanitis, 2005 , which was updated by Arvanitis and Loukis, 2009 ) the demand for graduates from universities increases in parallel with a more intensive use of ICT, whereas the evidence with respect to medium skills is mixed (positive or neutral effect). Moreover, the majority of empirical studies finds that the demand for skills at the higher intermediate level (vocational- university degree but higher than medium skills) is positively affected. In view of these results we expect that the intensity of ICT usage is positively related to the demand for apprentices.
H2:
Intensive use of ICT, in total as well as differentiated by specific dimensions of ICT use, positively affects a firm's demand for apprentices.
There are many possible indicators to capture the intensity of ICT use (see, e.g., Bocquet and Brossard, 2007; European Commission, 2007b; Hollenstein et al., 2003) . In the present study we rely on three variables that are expected to positively affect the provision of apprenticeships (for details of measurement see Table 1 ): a) 'ICT_infrastructure' captures a firm's endowment with technical ICT infrastructure (ordinal variable representing the number of up to four ICT elements: PC, Internet, intranet, extranet); b) ' intranet_use_d' stands for the broadness of use of ICT measured by two dummy variables reflecting, respectively, 'medium' and 'high intensity' of use of the intranet; the latter dummy should exert a stronger (positive) influence on the provision of apprenticeships than the former. The two dummies are based on originally quantitative data of the share of employees regularly working with the intranet; c) 'Internet_variety' indicates the variety and complexity of Internet applications. The measurement of this variable is based on detailed information about the purposes for which a firm employs the Internet, ranging from simple 'search for information' up to more demanding functions like 'E-selling'; the value of this ordinal variable simply represents the number of (up to eight) applications as shown in Table 1 . Finally, to account for all three aspects of ICT at once, we also consider an overall measure of ICT use ('ICT_total') calculated as the sum of the standardized values of the three individual ICT variables.
Workplace Organization
According to Caroli (2001) flattening hierarchies, decentralization of decision making, greater involvement at the shop floor, collective work practices (teamwork, quality circles, etc.), multi-tasking and job rotation are the core elements of a workplace organization that fits into a production system characterized by an intensive use of ICT. A redesign of workplace organization along these lines reflecting the new firm model is expected to increase, similar to a more intensive use of ICT, the demand for high skills at the expense of unskilled workers (skillbiased organizational change; see Piva et al. (2005) and the literature reviewed by these authors).
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) However, empirical studies show that the different aspects of workplace organization are not correlated to the same extent with the demand for higher skills. In the Swiss case, for example, teamwork and some aspects of delegation of competencies are positively related to the demand for high skills, whereas flattening of hierarchies or job rotation are not (Arvanitis, 2005) .
Against this background, we formulate two hypotheses with respect to the impact of new workplace organization on a firm's provision of apprenticeship training.
H3a:
The redesign of workplace organization as a whole is positively related to apprenticeship training (reflecting the overall shift to higher skills induced by new workplace organization). H3b: This holds true only for some of the five dimensions of workplace organization distinguished below. As a consequence, the overall effect, mentioned in H3a may not be very strong.
Our empirical model contains most of the above-mentioned organizational dimensions. At the level of the firm as a whole, we consider the 'change of the number of hierarchical layers' having occurred during the five year period preceding the survey of 2000 and 2005, respectively (' Δ_hierarchical_levels'). The variable ' Δ_delegation' captures the 'change of the degree of delegation of competencies at the workplace' that happened in the course of the preceding five years. The two variables 'team_work' and ' job_rotation' stand for the current level of diffusion of teamwork (quality circles, semi-autonomous production teams, etc.) and job rotation, respectively. Moreover, we rely on a composite measure of the 'distribution of competencies at the work place among managers and workers' ('decentralization'). This variable reflects a firm's assessment of the degree of decentralization of decision-making at the workplace in seven specific matters ('who decides on the work pace?', 'who is responsible for handling the complaints of clients? etc.; for details see Table 1 ). In addition to these variables that capture five specific aspects of new workplace organization, we also use an overall measure ('WO_total') which is calculated as the sum of the standardized values of the variables representing the individual elements of workplace organization. According to hypothesis H3b, we do not expect that each dimension of workplace organization is positively related to the provision of apprenticeships. An insignificant relationship between 'Δ_hierarchical_levels' and ' job_rotation', respectively, and apprenticeship training would not be surprising. In case of ' Δ_ hierarchical_levels' we would argue that a reduction of the number of hierarchical layers is an organizational change taking place at the level of the firm Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) as a whole, whereas decisions on apprenticeship training are primarily related to the needs of the 'shop floor'; the two decisions may thus hardly be correlated. Job rotation often is a measure implemented by the management for maintaining work motivation among low skilled workers (assembly-line workers, etc.); in this case, ' job_rotation' would not be correlated with apprenticeship training or may even show a negative sign. Teamwork might be a very different matter. We presume that working in teams is an organizational arrangement that is wellsuited for integrating apprentices, since team leaders and experienced co-workers are on the spot for supporting work-based training (positive sign of variable 'team_work'). A high degree of decentralization of decision-making at the workplace ('decentralization'), at first sight, also may be expected to be conducive to apprenticeship training. However, depending on the hierarchical level at which it is decided on hiring apprentices, the training propensity may differ. On the one hand side, one could argue that employees at low hierarchical levels have quite a weak preference for taking on apprentices because this task reduces their own productivity (and thus the wage) as they have to use part of their working time for training apprentices. On the other hand, if decisions on the provision of training are made at a relatively high hierarchical level to guarantee a longterm strategic view on the role of apprenticeship training, the preferences of the employees at the bottom of the hierarchy may be overridden (in this case the skilled workers which are responsible for training apprentices might get specifically paid for this task (and not only for their "immediate" productivity)). One also could argue that a work environment characterized by high autonomy and personal responsibility is very demanding and therefore not a suitable ambit for training apprentices. Similar arguments may apply to ' Δ_delegation' ('degree of delegation of competencies increased'). In sum, though we still expect a positive sign for the variables 'decentralization' and ' Δ_delegation', reflecting the general hypothesis of a positive effect of workplace organization on training propensity, we do not rule out that these two elements of workplace organization are not (or even negatively) correlated with apprenticeship training. The reasoning on possible effects of the various aspects of workplace organization implies that, in accordance with H3b, it is very likely that only part of the considered organizational aspects is positively related to the provision of apprenticeships.
Complementarities
To analyze how the combination of the three constituent elements of the 'new firm paradigm' affects apprenticeship training, we also include interaction terms of human capital, ICT intensity and workplace organization. We expect that Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) intensive use of more than one of the three elements increases the effect of the single variables.
H4:
The interaction terms related to the summary measures of human capital, ICT and workplace organization are positively related to the provision of apprenticeship training.
Control Variables
To avoid biased estimates for the core variables of the new firm model, we control for the impact of some specific firm characteristics (wage costs, firm size, foreign/domestic ownership) and include a series of dummy variables that control for effects not explicitly captured by the model. Firstly, high wages per employee ('labor_costs') are negatively related to a firm's overall demand for labor and, other things being equal, to its need for qualified workers. Consequently, the variable 'labor_costs' is negatively correlated with the provision of apprenticeship training.
Secondly, in accordance with the bulk of empirical studies, we expect that firm size (six firm size dummy variables 'size_d') is positively correlated with the provision of apprenticeship training. Economies of scale in providing in-house training (availability of specialized instructors, specific training facilities, etc.) as well as some monopsony power on the (local) labor market and the existence of internal labor markets (both involving higher retention rates) are probably the most important reasons for the positive correlation of training provision and firm size.
Thirdly, we expect that foreign-owned companies (variable ' foreign_owned ') less often provide apprenticeship training than domestic ones, since they usually are less familiar with the Swiss apprenticeship system and/or prefer to rely on 'modes of training' taken over from their home-country.
Finally, we include dummy variables for a firm's affiliation to specific regions and industries as well as a time dummy. These variables should control for effects not explicitly captured by the model. The time dummy 'year_2005' may reflect, in addition to time-varying firm heterogeneity, macroeconomic developments or changes in training policy in the period [2000] [2001] [2002] [2003] [2004] [2005] . The location of a firm, represented by six region dummies ('region_d'), should capture regional differences with respect to the institutional arrangements of apprenticeship training, the size and functioning of the regional labor market, the quality of the regional education system, etc. Besides, a firm's product market environment in terms of demand prospects, market structure and intensity of price and non-price competition may influence training activities (Gersbach and Schmutzler, 2012 (4) 4 In Switzerland, regulation of vocational training is influenced to a significant extent by employer-employee agreements at industry level. 5 The cut-off point of 20 employees for the two samples underlying the surveys of the years 2000 and 2005 has been determined according to the data reported in the Census of Enterprises of 1998 and 2001 respectively. Since, in some companies, the actual number of employees was lower at the time the surveys were carried out in comparison with the data from the preceding census, our data set also contains some firms with less than 20 employees (2.4% of all firms).
example, favorable demand prospects for a firm's products should be positively related to its willingness to offer apprenticeships. We assume that such marketrelated variables, which, for data limitations, cannot be explicitly included in our model, are to a large extent industry-specific; hence, they are captured (in addition to other unspecified influences) by 27 dummies controlling for industry affiliation ('industry_d'). Furthermore, these variables should also capture effects of industry specific input prices that are not considered by other model variables. So far the cost side of training provision has not been considered explicitly. Training costs vary among firms, in the first place, because of differences with regard to technological requirements (reflecting, for example, physical capital and ICT intensity), the structure of the local labor market for trainees and skilled workers (market power of local firms, regulations, etc.), the institutional framework for apprenticeship and other vocational training as well as for general education at the upper-secondary level, etc. We expect that such variations, to a large extent, are industry-specific 4 and/or region-specific. Therefore we assume that the costs of training, as far as not yet captured explicitly by the variables representing the use of ICT, are approximately captured by region and industry dummies.
Data
The data used in this study were collected in the course of two surveys among Swiss companies conducted in 2000 and 2005, respectively. Both surveys were based on a disproportionately stratified random sample of firms covering the business sector (28 industries) and three firm size classes with a cut-off point of 20 employees. 5 We deliberately did not collect data from smaller companies as at least some of the organizational features we are interested in (e.g. 'flattening hierarchical structures') are not relevant for most of them. The two surveys yielded data for 1688 and 1803 firms, respectively, representing response rates of 39.9% and 36.8%. The data were merged to a data set of 3491 observations. The final sample used for model estimation was somewhat smaller (3005 observations) due Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 6 The training propensity of the firms of our sample is substantially higher than that of all firms of the Swiss economy (less than 20% according to official statistics). As the main goal of this paper is to analyze the link between the three core elements of the new firm paradigm and the provision of apprenticeship training it is not necessary to include all Swiss companies. But it is obvious that the results only apply to the firms with 20 and more employees.
to missing values for one or more variables. As there is a large time lag between the two surveys (five years), only 18% of the firms replied to both surveys, meaning that the panel is highly unbalanced (what, as shown in the next section, is not without consequences for the choice of the econometric method used for model estimation). 76% of the firms contained in the final sample provided apprenticeship training, with an average number of apprentices of nearly 2. In most cases, the means of the variables used in model estimation are quite similar for the two cross-sections (see the descriptive statistics in Table A .1).
6
The two questionnaires, downloadable from www.kof.ethz.ch, contain questions about the adoption of several ICT technologies (Internet, intranet, extranet, etc.) and the intra-firm diffusion of some of these elements, the use of new organizational practices (team-work, job rotation, employees' involvement in decisionmaking, etc.) and the employees' degrees of general and vocational education. The two surveys also served to collect information on some financial variables and basic structural characteristics of firms.
Econometric Procedure
As mentioned in the introductory section, we seek to explain, firstly, a firm's training propensity indicating whether a firm does or does not provide apprenticeship training, and, secondly, training intensity reflecting the extent of a firm's involvement in training, measured as the total number of apprentices. As theory does not offer specific explanations for training propensity and training intensity, we use the same set of independent variables in the two empirical models.
In case of the binary dependent variable 'training_propensity', estimating probit regressions is an adequate procedure. To take into consideration firm heterogeneity we use random-effects models. Likelihood-ratio tests showed that pooled probit models are not appropriate. However, pooled and random-effects model yield more or less the same results. We could not estimate fixed-effects models (nor estimate the model in differences) for two reasons; firstly, because of the very limited number of firms replying to the survey in both years, and, secondly, as the dependent variable 'training_propensity' does not much vary over time.
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 7 The industries are defined according to the NACE classification. If the number of observations of a specific 3-digit industry is lower than ten, we used the average score at the NACE two-digit level, excluding the value of the observation itself in order to ensure the exogeneity of these variables.
Random-effects regression is thus the preferred method. Furthermore, for nonlinear models we present the average marginal effects of the estimates as this allows us to better interpret the results, e.g. of the interaction terms. The quantitative dependent variable 'training_intensity' only refers to firms actually providing apprenticeship training. Consequently, selectivity bias may be a problem. We estimate a two-stage Heckman selection model to detect a potential bias (Heckman, 1979) . As shown in Table A .3, the intensity equation of the Heckman model is specified in the same way as our main model for 'training intensity' shown in Table 3 . The same set of explanatory variables is included in the selection equation, with the exception of the additional identifying variable 'industry_wage_individual_performance' (for definition see Table 1 ) that is used to make sure that the estimated coefficients are reliable (see Wooldridge, 2002a) . This instrument is a 3-digit industry average 7 of a variable that measures whether the variation of the wage level within a firm primarily depends on the individual performance of the employees. In line with Cassiman and Veugelers (2002) , we assume that this industry variable picks-up the effect of unobserved industry-specific attributes that contribute to the potential endogenous firm-specific variables (see Cassiman and Veugelers, 2002, p. 1174) . Accordingly, it can be assumed that the instrument is uncorrelated with the error term. Furthermore, this variable should be a good instrument as it is expected to affect selection but not training intensity. As part of the training of apprentices takes place at external vocational schools, the productivity of apprentices is lower than that of most other employees. Performance-related wages allow firms to adjust the wages of their employees according to their productivity. Consequently, firms with performance-linked wage payment should be more willing to engage in apprenticeship training than firms that cannot adjust their wages, i.e. we expect a positive effect of performance related wages on training propensity. However, this does not hold with respect to the number of apprentices (training intensity) as we expect that the composition of the workforce primarily depends on the substitutability of the different types of employees. A firm will only engage a large number of apprentices if it has enough tasks that can be done by apprentices, the wages it has to pay for them are of secondary importance. The hypothesized relationship can also be observed in the data. The effect of the variable 'industry_wage_indi-vidual_performance' is statistically significant positive in the training propensity Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 8 In the same way as the main model presented in Table A .3 we also tested the other models of Table 3 for selection bias. In all cases there is no evidence for a selection bias. 9 As the sample which could be used for estimating fixed-effects models is very small, it is plausible that the poor model quality is, in the first place, due to the reduction of the sample size rather than to methodological differences. 10 The fact that the panel is highly unbalanced also makes it impossible to estimating the model in differences.
equation but insignificant in the training intensity model. As the mills ratio is statistically insignificant at the 10%-level, there is no evidence for a selection bias.
8
To consider firm heterogeneity we estimate for 'training_intensity' (as in case of 'training propensity') random-effects models, which, according to Lagrangemultiplier tests, are more appropriate than pooled models. Since our panel is highly unbalanced (see Section 3) the number of observations that may be used for estimating fixed-effects models is by far lower than in case of random-effects models. In view of the small size of the sample of the balanced panel it is not surprising that F-statistics are statistically insignificant indicating low model quality. Moreover, sample selection would be a serious problem when estimating a fixedeffects model. 9 We thus conclude that random-effects regression is the appropriate method to estimate the training intensity model.
10
Due to multicollinearity we had to perform separate estimates for the variables representing the disaggregated measures of ICT (see the correlation matrix in Table A. 2). Furthermore, we tested the impact of disaggregated measures of workplace organization and interaction terms separately in the training intensity models.
A further potential problem is endogeneity, e.g., as we only partially account for training costs. Endogeneity would imply inconsistent estimations. However, as the main objective of a firm is to produce and sell goods and/or services rather than to provide apprenticeship training, primarily economic objectives and not a firm's training decisions should determine the structure of a firm. Therefore, the main results dealing with the impact of human capital, ICT endowment and workplace organization on training decisions should, at least, not be affected by reverse causality. Furthermore, endogeneity should be of little relevance, as we control in our models for different other factors that may affect apprenticeship training such as firm size or industry affiliation.
Nevertheless we test for endogeneity by applying the Rivers-Vuong-Test (Wooldridge, 2002b, p. 483 Table 2 for the variable definitions; the significance of the parameters is indicated with ***, ** and * resp. representing the 1%-, 5%-and 10%-level, respectively. Heteroskedasticity-robust standard errors are in brackets under the coefficients (White procedure). (4) paradigm'. We use industry averages as instruments (in the same way as in the Heckman model). All instruments in these equations fulfill the required conditions: they are correlated with the dependent variable in the instrument equation but uncorrelated with the dependent variable in the structural equation (training equation) and they are not correlated with the residuals of the endogenized training equation (for details of measurement see Table 1 ). In line with Cassiman and Veugelers (2002), we assume that each of these industry variables picks-up the effect of unobserved industry-specific attributes that contribute to the potential endogenous firm-specific variables (see Cassiman and Veugelers, 2002, p. 1174) . In a second stage, we include the residuals of the first stage in our training equation. To correct the standard errors of the estimated parameters we use bootstrapping. Under H 0 the residuals of the instrument equations and the residuals of the second stage equations are uncorrelated.
The tests for endogeneity in the training propensity and the training intensity equation refer to the summary measures of human capital (variable 'tertiary share'), ICT (variable 'ICT_total ') and workplace organization (variable 'WO_ total '). In case of random-effects probit models, such a test is very time consuming; therefore we perform the test without correcting for firm heterogeneity. Using our instruments we throughout cannot reject the null hypothesis of exogenous variables (see Table A .4). Therefore we conclude that the three core elements of the 'new firm paradigm' affect apprenticeship training directly and there is no problem with reverse causality. Table 2 shows the results with training propensity as dependent variable. We primarily are interested in the influence on training propensity exerted by the variables representing the core dimensions of the new firm paradigm, i.e. human capital, ICT and workplace organization. Columns (1) and (2) refer to estimates where these core elements are specified as aggregate variables, with column (2) including complementarity effects. To better understand these main results, columns (3) to (7) contain the findings based on a more disaggregated specification of human capital, ICT and workplace organization.
Empirical Results
Training Propensity
Firstly, the results with respect to human capital are fully in line with a priori expectations; hypothesis H1 is thus confirmed. Firms with a high share of employees with tertiary education are significantly more likely to offer apprenticeships.
Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) Interestingly, the positive effect of tertiary education is increasing only up to a share of 6-13% (dummy variable 'tertiary_d2') and becomes insignificant beyond the threshold of 43% ('tertiary_d5'). Hence, in case of very high levels of human capital input, the probability of apprenticeship training is low (i.e. not higher than for the reference group containing firms with a share of employees with tertiary qualifications below 3%. In line with this result, we furthermore find that the significant positive effect for tertiary educated employees comes from non-university tertiary educated employees rather than from employees with a university degree. Accordingly, we find non-linear effects for both, the intensity and the level of tertiary level education.
The second element of the new system of production, i.e. the usage of ICT, also is positively related to training propensity what again matches the a priori expectations as stated in hypothesis H2. This holds true independently of whether ICT is specified as an aggregate variable ('ICT_total') or captured by three disaggregated measures. Training propensity is particularly high in firms with a broad ICT infrastructure (variable 'ICT_infrastructure') and a high variety of applications of the Internet use ('Internet_variety'). The influence of the intrafirm diffusion of the intranet ('intranet_use_d') also is positive but, interestingly, the effect is not linear. We find a positive sign only at a medium intensity of intranet use, i.e. firms with regular intranet users in the range of 21% to 60% ('intranet_use_d1').
The third element -the redesign of workplace organization -is correlated with training propensity to a much lower extent than ICT usage, reflecting the fact that only some of the dimensions of workplace organization are correlated with training propensity. Working in a team (variable 'team_work'), as hypothesized, is a favorable environment for in-house vocational training. The data also confirm the argument that flattening of hierarchies ('Δ_hierarchical_levels') and making use of job rotation ('job_rotation)' do not influence training propensity. The negative sign we find for the degree of decentralization of competencies ('decentralization') and the insignificant coefficient of 'Δ_delegation' are not in line with the overall hypothesis of a positive effect of workplace organization on training propensity. However, we also have put forward some arguments in favor of a negative sign for 'decentralization' ('insufficient incentive at the shop floor to instructing apprentices'; 'high autonomy of performing work tasks as a too demanding work environment for apprentices'), and similar arguments may hold true in case of 'Δ_delegation'. Given the opposite effects of the individual elements of workplace organization, it is not surprising that the impact of aggregate workplace organization ('WO_total') on training propensity is weak (with the negative effects slightly outweighing the positive ones). In conclusion, we Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) 11 The positive correlation between 'labor costs' (wage bill per employee) and human capital use (see Table A .2 in the appendix) may contribute to this result. Another reason may be the positive relationship between the wage bill per employee and capital income per employee ('profitability') which results from profit sharing among employers and employees.
do not find evidence for hypothesis H3a (positive overall effect of workplace organization). In contrast, hypothesis H3b is largely confirmed as the impact of the five organizational dimensions is different and more or less in line with our considerations in Section 2. Fourthly, theory posits that the new firm model is characterized by complementarities between human capital, ICT and workplace organization, which should have an additional positive effect on the demand for skilled labor. Therefore, although the evidence for such effects is not overwhelming (see Section 1), we hypothesized that the complementarities positively affect training propensity (hypothesis H4). However, this proposition is not corroborated by our empirical estimates. The interaction term based on the aggregate measures of ICT and workplace organization (ICT*WO) as well as on human capital and workplace organization (HC*WO) are statistically insignificant (see column 2 in Table 2 ). We even get a negative effect of the interaction of human capital with ICT intensity (HC*ICT). Hence, the combination of intensive use of ICT and a high share of employees with tertiary qualifications reduces the propensity of apprenticeship training. This negative interaction effect partially reflects the results we got for the dummies 'tertiary_d', 'university_tertiary' and 'intranet_use_d'. These show that a very high share of employees holding tertiary degrees and a high intensity of intranet use do not positively correlate with the firms' training propensity, whereas at an intermediate level of the two variables both effects are positive. Hence, the finding that the interaction effect HC*ICT is negative, may be attributed to the behavior of the segment of firms having implemented the new firm model to a very high degree.
The effects of the control variables are in line with the expectations. An exception is the variable (average) 'labor_costs' which, contrary to the expectations, does not negatively correlate with training propensity.
11 As expected, training propensity increases with firm size more or less monotonically (dummy variables 'size_d'). Foreign companies ('foreign_owned') are less involved in apprenticeship training than domestic ones, supporting the presumption that foreign enterprises are less familiar with the Swiss apprenticeship system. We also find a positive time effect for the year 2005, probably reflecting policy measures (campaigning among firms to offering apprenticeships, etc.) taken in the aftermath Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) of the economic downturn of 2001/03. Finally, the dummies reflecting region and industry effects are statistically significant.
Summing up, the empirical results for the model explaining a firm's propensity to provide apprenticeship training supports three out of the five hypotheses we put forward in Section 2. There is strong evidence for a positive relationship with training propensity in case of two of the three core elements of the new firm paradigm, that is human capital (hypothesis H1) and ICT (Hypothesis H2: summary and differentiated measures). Only very intensive use of these two elements discourages firms from providing apprenticeship training. The effect of workplace organization is significant just for some of the organizational dimensions included in the model, with the effects more or less in line with our considerations in Section 2 (hypothesis H3b). Finally, we do not find evidence for positive interaction effects. On balance, we conclude that a change towards the new firm paradigm goes along with an increasing propensity of firms to provide apprenticeships.
Training Intensity
In accordance with hypothesis H1, human capital positively affects the intensity of apprenticeship training ('tertiary_share'). Again, the effect of human capital ('tertiary_d') on training does increase up to a certain threshold (see Table 3 ). We find a pattern which is quite similar to that we found in case of training propensity. More specifically, firms with a share of employees with tertiary qualifications of more than 3% show significantly higher training intensities than the reference group (below 3%). A new result is that firms with a share of highly qualified employees in the range of 3% to 13% ('tertiary_d1 and d2') have a significantly lower training intensity than firms with a share in the range of 13% to 43% ('tertiary_d3 and d4'), but this is not the case anymore beyond the threshold of 43% ('tertiary_d5'). The impact of human capital on training intensity is thus non-linear; it is stepwise increasing up to a share of 43% and is decreasing beyond this threshold value. Furthermore, we again find that the significant positive effect for tertiary educated employees comes from non-university tertiary educated employees rather than from employees with a university degree.
The redesign of the workplace organization measured at the aggregate level ('WO_total'), in line with hypothesis H3a, positively affects a firm's training intensity, whereas in case of training propensity we did not find such an effect. However, it is difficult to identify a single driver of this effect on a more disaggregated level. With the exception of job rotation ('job_rotation') all measures of new workplace organization show a positive sign, but only in case of a reduction Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) of the hierarchical levels ('Δ_hierarchical_levels') the effect on a firm's training intensity is statistically significant. Hypothesis H3b is thus supported but the evidence is not overwhelming. One may ask why the sign of the aggregated effect of new workplace organization differs for training intensity (positive) and training propensity (negative). A reason for the negative effect in case of training propensity may be the high fixed costs of apprenticeship training in a work environment with a high degree of new workplace organization. Once the (initial) investment has been made, it pays off to increase the number of apprentices; hence the impact on training intensity is positive. Furthermore, it is surprising that 'Δ_hierarchical_levels' does affect training intensity but not training propensity. A reason for this result may be that, in contrast to training propensity, intensive apprenticeship training is not a decision at the shop-floor and, hence, is more directly correlated with organizational changes taking place at the level of the firm as a whole.
ICT does not contribute to explaining training intensity, irrespective of the way it is measured ('ICT_total' vs. differentiated ICT variables). Hypothesis H2 is thus not confirmed. This result, which is in contrast to that for training propensity, has to be qualified as we identify an indirect effect of ICT. The interaction term of ICT and workplace organization (ICT*WO) is significantly positive (see column 3 of Table 3 ). Companies combining an intensive use of ICT with a redesign of workplace organization exhibit a higher training intensity than other firms. Hence, there is some evidence for the existence of complementarities in explaining the apprenticeship training intensity what is in line with hypothesis H4.
The majority of the explanatory variables not related to the new firm paradigm show the expected influence on training intensity. As expected, the impact of 'labor_costs' is significantly negative. The firm-size effect, as expected, does not differ among the two training variables; the size effect monotonically increases both for the training propensity and training intensity. The impact of foreign ownership ('foreign_owned') is not statistically significant anymore, implying that foreign firms, once familiar with the Swiss apprenticeship system, behave in training matters like domestic firms. The region and industry dummies again are statistically significant. Finally, we again get a positive time effect (variable 'year_2005').
Summing up, we find evidence for a positive impact on training intensity for two of the three categories of variables representing the new firm paradigm, i.e. human capital intensity (hypothesis H1) and workplace organization (hypotheses H3a and H3b). This is not the case for ICT if taken separately (direct effect). However, the combined effect of ICT and workplace organization (interaction term) is positive, pointing to the importance of complementarities in explaining the extent of apprenticeship training (hypothesis H4). Although not all hypotheses are confirmed, one may conclude that a transition towards the new firm paradigm is accompanied by an increasing intensity of apprenticeship training in firms providing this type of training.
Comparison with Existing Empirical Literature
How do the findings with regard to the core variables of our model compare to the results of previous econometric work? The few studies taking account of ICT yielded mixed results. Beckmann (2002 Beckmann ( , 2008 , based on a very rough measure of IT investments, got a positive effect on training propensity and intensity for a cross-section of German firms, whereas we did so only in case of training propensity. Arvanitis and Stucki (2011) found some weak evidence for a negative influence of the usage of Internet and intranet on training propensity based on a cohort of Swiss start-up firms. In view of the different measurement of ICT (investment in IT vs. several characteristics of ICT) and of specific sample characteristics (new vs. established firms) a comparison of the results of these studies with our findings is not very meaningful.
It is even more difficult to compare the results with respect to the impact of workplace organization on the provision of apprenticeship training, since -to our knowledge -this paper is the only one that includes organizational variables in an econometric analysis of the topic. However, we notice that the results of this study are more or less in line with Finegold and Wagner (2002) who, based on a case study for the German banking sector, argue that hiring apprentices becomes more attractive when work organization gets more flexible and, in particular, when the incidence of teamwork increases.
Human capital is used as a variable to explaining why and to what extent firms offer apprenticeship places in quite a few studies (see, e.g., Arvanitis, 2008; Beckmann, 2002 Beckmann, , 2008 Franz et al., 2000) . In accordance with our results, these authors throughout find a positive effect of qualified as compared to unqualified labor.
Summary and Conclusions
In this paper we analyze the impact of the three constituent elements of the new firm paradigm, i.e. intensive use of ICT, redesign of workplace organization and augmenting the input of human capital, on the provision of apprenticeship Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) training. The investigation is expected to give some indication of the appropriateness of the apprenticeship system as a way of skill formation in a highly advanced knowledge-based economy where the new firm paradigm plays a significant role.
In case of training propensity, there is strong evidence for a positive impact of two out of the three constituent elements of the new firm model: a) human capital intensity: positive effect of the employment share of workers with tertiary-level qualifications and b) ICT intensity: positive overall effect reflecting the availability of ICT infrastructure, the degree of intra-firm diffusion of the intranet and the variety of Internet applications. These results may be qualified by the observation that at the very highest level of both human capital and ICT intensity the propensity of apprenticeship training is not higher than in the reference group (firms with a low intensity of use of human capital and ICT respectively). The third core element of the new firm paradigm, i.e. the redesign of workplace organization, is less important as a determinant of training propensity. We find a significantly positive effect only for one of the five organizational dimensions taken into consideration ('incidence of teamwork within the firm'), whereas the impact of a decentralization of competencies is negative. In sum, the results for training propensity suffice to conclude that apprenticeship training seems to be an appropriate way of skill formation in an advanced economy where the new firm paradigm plays a significant role. However, this may not be the case in the (technologically) most sophisticated segments of the economy.
In case of training intensity also two of the three core elements turn out to be statistically significant: a) human capital intensity: positive effect of the share of employees with tertiary education and b) workplace organization: positive effect of a reduction of the number of hierarchical levels. ICT does not directly influence the intensity of training provision, but there is evidence for a positive indirect effect of ICT reflecting the complementarity of ICT and workplace organization. Again we find some evidence (though weaker than in case of training propensity) that apprenticeship training is less widespread in technologically leading activities.
The findings with respect to ICT, workplace organization and human capital are encouraging for policy makers dealing with the Swiss apprenticeship system. They imply that the Swiss system is quite appropriate to accommodate the significant changes required for a transition to the new firm paradigm that plays an increasing role in economically advanced countries. This assessment may be qualified in one respect: the apprenticeship system without any doubt is very effective in providing skills in an advanced economy, but there is some evidence that this may not be the case in (technologically) leading-edge activities. It is up to further research to appraise this tentative conclusion. In any case, the reform Swiss Journal of Economics and Statistics, 2012, Vol. 148 (4) of higher professional education in Switzerland realized in the late 1990s, particularly the establishment of universities of applied sciences (which provide sciencebased education mostly on top of apprenticeship training), is well-suited to counteract the (potential) weakness of the apprenticeship system we mentioned above. Notes: For definition of the instruments see Table 1 ; the training equations are specified as in column 1 of Table 2 and Table 3 , respectively; the instrument equations are specified as the training equations with the exception of the tested variables that are replaced by the instrument variables.
